Peste des petits ruminants virus (PPRV) causes the acute and highly contagious disease peste des petits ruminants (PPR) that affects small domestic and wild ruminants. The virus belongs to the genus *Morbillivirus* in the family *Paramyxoviridae* alongside measles virus, canine distemper virus, phocine distemper virus, cetacean morbillivirus, the newly discovered feline morbillivirus, and the recently eradicated rinderpest virus ([@CIT0001]--[@CIT0003]). PPRV was first described in 1942 in the Ivory Coast and was recognized as a separate member of the genus *Morbillivirus* in 1979 ([@CIT0004], [@CIT0005]). It exists in one serotype separated into four lineages (I--IV); these lineages are based on the genetic comparison of a fragment of the nucleoprotein or the fusion protein ([@CIT0006]). Historically, the four lineages follow a geographic distribution where lineages I and II are found in western and central Africa, lineage III in eastern Africa and the southern part of the Middle East, and lineage IV in the Middle East and southern Asia. Lineage IV was considered to be primarily an Asian one, but since the 1990s, there has been a wider distribution of it within Africa ([@CIT0006], [@CIT0007]).

Clinical signs associated with PPR are severe pyrexia (40--41°C), followed by mucopurulent nasal and ocular discharges, cough, dyspnea, necrotic stomatitis, and diarrhea ([Fig. 1](#F0001){ref-type="fig"}). Painful sores in the oral mucous membranes prevent the animal from eating and, in combination with the watery diarrhea, lead to severe dehydration. This can result in the death of the animal within 10--12 days after the onset of pyrexia ([@CIT0006], [@CIT0008]). Postmortem results include congested lungs (especially affecting the cranial lobes), edematous, congested retropharyngeal and mesenteric lymph nodes, and linear hemorrhages in the intestinal mucosa ([Fig. 2](#F0002){ref-type="fig"}) ([@CIT0008]). Clinical signs can be highly similar to, and easily confused with, other small ruminant diseases. Moreover, secondary infections can also intensify clinical signs, making PPR a disease difficult to characterize and diagnose under field conditions ([@CIT0009]). Differential diagnoses include, but are not limited to, contagious caprine pleuropneumonia, pasteurellosis, bluetongue, and foot-and-mouth disease ([@CIT0010]). PPR morbidity and case fatality rate can be as high as 80--100% in naïve herds; however, it can range from 10 to 100% in endemic areas due to factors such as previous immunity, age, and species of the infected animal ([@CIT0011]). PPR is a disease with significant socioeconomic impact. The affected sheep and goats are mostly held by poor and vulnerable groups of people who depend on them for income. Eradication of PPRV is therefore highly relevant to poverty alleviation ([@CIT0012]). After the successful eradication of the closely related rinderpest disease, the United Nations Food and Agriculture Organization (FAO) launched a PPR control and eradication strategy together with the World Organisation for Animal Health (OIE) in March--April 2015. The goal was to gain more information, control, and finally eradicate PPR by 2030 in a similar way that was done with rinderpest ([@CIT0013]). The southern border of PPRV distribution in eastern Africa is currently considered to be Tanzania with a high risk of spread further south ([@CIT0014], [@CIT0015]). Here, we review the history and the current situation of PPR in Tanzania and the strategies to control and eradicate PPR in Tanzania and neighboring countries.

![Clinical signs of peste des petits ruminants in goats of Ngorongoro, Tanzania. The pictures show oculonasal discharges and matting of eyelids (a) diarrhea soiling the perineum (b) submandibular edema (c), and sores and nodules on the gums and tongue (d).](IEE-6-32701-g001){#F0001}

![Postmortem findings in goats with peste des petits ruminants. Hemorrhages in the intestines (a) and pneumonia (b) in a goat confirmed with PPR in Ngorongoro, Tanzania.](IEE-6-32701-g002){#F0002}

History of PPR in Tanzania {#S0002}
==========================

Tanzania is located on the eastern coast of Africa and consists of the Tanzanian mainland and the island of Zanzibar. Countries neighboring Tanzania include, counterclockwise from the north, Kenya, Uganda, Rwanda, Burundi, the Democratic Republic of Congo (DRC), Zambia, Malawi, and Mozambique. In Kenya and Uganda, PPR was recognized in 2007, although PPRV antibodies had been detected already several years earlier ([@CIT0011], [@CIT0016], [@CIT0017]). There are no reports of PPR outbreaks in Rwanda and Burundi, although PPR is suspected to be present ([@CIT0018]). The DRC reported problems with PPR in 2012, and it is now considered to have areas where PPR is present ([@CIT0019]). Zambia has recently reported PPRV antibodies, but no clinical cases of PPR or presence of PPRV ([@CIT0018]). There have been no reports of PPR outbreaks from Malawi and Mozambique, but targeted surveillance is ongoing ([@CIT0018]).

In Tanzania, the first serological screening was performed in 2000 ([@CIT0020]). During the screening, 3,000 samples from all over Tanzania were tested with a competitive enzyme-linked immunosorbent assay (cELISA) for PPRV antibodies, and all samples were negative. No outbreak had been reported at that point, but there was serological evidence of infection in the neighboring countries of Uganda and Kenya ([@CIT0020]). However, in December 2007, the Ngorongoro District Veterinary Officer suspected presence of PPR due to clinical signs in sheep and goats. High mortality rates in sheep and goat herds were observed in January to March 2008, but initial investigations yielded no conclusive results ([@CIT0021]). The high mortality rate persisted so a new investigation was launched in June 2008 in the Arusha (Ngorongoro, Monduli, Karatu, and Longido), Manyara (Simanjiro), Kilimanjaro (Siha and Hai), and Mara regions ([@CIT0022]). Samples from all districts, except Simanjiro, tested positive for PPRV in serological screening with a cELISA (45.4%, 703 of 1,549 samples), confirming the presence of PPR ([Fig. 3](#F0003){ref-type="fig"} and [Table 1](#T0001){ref-type="table"}) ([@CIT0022]). Between September 2008 and July 2009, additional samples were taken in the regions Arusha, Kilimanjaro, Manyara, and Tanga to assess the magnitude of PPR and southward spread. Of the 3,478 serum samples collected from sheep and goats, 769 animals (22.1%) were positive for PPR antibodies. Six samples from sheep -- one tissue sample (liver, spleen, heart, and mediastinal lymph nodes) and five whole blood samples -- from the Ngorongoro district in Arusha region were tested by reverse transcription polymerase chain reaction (RT-PCR). Two were positive for PPRV, and phylogenetic analysis grouped the isolates into lineage III ([@CIT0021]), the most abundant lineage in eastern Africa. The 2008 PPR outbreak was suspected to have been due to imported animals into Tanzania via live animal trade over the Tanzania--Kenya border ([@CIT0006], [@CIT0021]). A retrospective serological study in 2010 on 198 samples collected in the Ngorongoro district between 1998 and 2004 found antibodies against PPRV already present in 2004, indicating that PPR might have been present in Tanzania before it was confirmed in 2008 ([@CIT0023]).

![Sample collection sites from selected PPR studies in Tanzania. Triangles indicate sampling sites and numbers refer to the study cited (see [Table 1](#T0001){ref-type="table"}).](IEE-6-32701-g003){#F0003}

###### 

Numbers indicate sample collection areas on the map in [Fig. 3](#F0001){ref-type="fig"} and type of analyses

  -----------------------------------------------------------------------
  Number on map   cELISA     RT-PCR     Reference
  --------------- ---------- ---------- ---------------------------------
  1               Positive   Not done   Karimuribo et al. ([@CIT0023])\
                                        (samples from 2008)

  2               Positive   Not done   Swai et al. ([@CIT0022])

  3               Positive   Not done   Mbyuzi et al. ([@CIT0042])\
                                        (samples from 2009)

  4               Positive   Not done   Lembo et al. ([@CIT0028])

  5               Not done   Positive   Kgotlele et al. ([@CIT0033])

  6               Positive   Positive   Mahapatra et al. ([@CIT0029])
  -----------------------------------------------------------------------

cELISA =competitive enzyme-linked immunosorbent assay; RT-PCR=reverse transcription polymerase chain reaction.

A similar study was conducted in southern Tanzania in two districts bordering Mozambique due to a suspected outbreak of PPR during March to May 2011 ([@CIT0024]). A total of 216 blood samples were collected and analyzed with cELISA and RT-PCR. A seroprevalence of 31% was detected, and in 53.6% of these samples, the PPRV genome was detected by RT-PCR ([@CIT0024]). As the detection of PPR antibodies and genome showed evidence of PPR circulating in Tanzania, a retrospective study was performed on serum samples that had been collected in 2007 and 2009 as part of Rift Valley fever surveillance in the Mtwara and Lindi regions of southern Tanzania. The results showed antibodies against PPRV already in 2009 ([@CIT0022]).

Although sheep and goats are the natural hosts of PPR, with goats the more susceptible of the two ([@CIT0025]--[@CIT0027]), cattle also develop subclinical infection and seroconvert. Screening in the Ngorongoro district in northern Tanzania showed seropositivity of 26.7% in cattle alive during the 2008 PPR outbreak and 5.9% in cattle born after ([@CIT0028]). Wildlife in Tanzania have also been found to seroconvert, as shown by a study in the Serengeti Ecosystem ([@CIT0029]). In 2014, blood samples and eye and nasal swabs were collected from wildlife dwelling close to resident livestock, or sharing pastures and water sources near domestic animals. Of these samples, 29 of 46 (63%) animals were seropositive for PPRV, and herd prevalence was 92% (12 of 13) ([@CIT0029]). The only seronegative herd consisted of a single Thomson\'s gazelle, and the authors point out that this should not be seen as representing the entire species. In general, seropositivity increased with the age of the animals, which suggests a repeated exposure to the virus; however, the source of the virus -- domestic animals or wildlife -- is unclear ([@CIT0029]). PPRV genome was detected in a single Grant\'s gazelle living in an area with an ongoing outbreak in sheep. Partial nucleoprotein sequence of PPRV from the sheep was generated and used for molecular characterization; it showed that the isolate belongs to lineage II ([@CIT0029]).

Serological evidence of PPRV exposure has been demonstrated in other animal species, namely, camels in northern Tanzania. In a repository of serum samples collected in 2010 from seemingly clinically healthy camels in various administrative localities of northern Tanzania, 2.6% of the camels were seropositive for PPR ([@CIT0030]). This is not unique to Tanzania; other African countries (e.g. Sudan, Ethiopia, and Nigeria) have also reported antibodies to PPRV in camels ([@CIT0031]--[@CIT0033]).

Current situation in Tanzania {#S0003}
=============================

PPRV is currently considered endemic in Tanzanian domestic sheep and goat populations ([Fig. 4](#F0004){ref-type="fig"}), whereas it is limited to one or more areas in the wildlife ([@CIT0018]). So far the PPRV confirmed in Tanzania belongs to lineages II--IV. Lineage II has been described in northern and southern Tanzania ([@CIT0029], [@CIT0034]), lineage III in northern and eastern Tanzania ([@CIT0035]), and lineage IV in southern Tanzania ([@CIT0034]). Lineage III is the lineage most commonly found in eastern Africa, whereas lineage II is most commonly found in western and central Africa ([@CIT0006]). Lineage IV was historically regarded as an Asian lineage, but since the 1990s it has spread in northern and eastern Africa replacing the other lineages ([@CIT0007], [@CIT0035]). The trend of mixed lineages present in a single country is not unique to Tanzania; other countries, including neighboring Uganda, have also reported this ([@CIT0036]). The risk of further spread outside of Tanzania to neighboring countries, for example, Zambia, is high ([@CIT0014]). Spread has already occurred to the Comoros Islands, a group of volcanic islands located east of Tanzania and Mozambique and northwest of Madagascar ([@CIT0037]). In November 2012, a higher number of deaths than normal occurred in goat herds in the Comoros Islands. The cause was PPRV, and phylogenetic analysis showed that the virus belonged to lineage III ([@CIT0037]). The virus was suspected to have been introduced with live goats imported from Tanzania ([@CIT0037]).

![Districts with seropositive cases for PPR, indicated in dark grey. Districts were sampled during a nationwide surveillance in 2008--2013; in one district (Mwanza), surveillance was done independently by a zonal veterinary center at the end of 2012. Source: Department of Veterinary Services, Tanzania.](IEE-6-32701-g004){#F0004}

Implications of PPR in Tanzania {#S0004}
===============================

Tanzania ranks third in Africa in livestock production (26% of the GDP) after Ethiopia and Sudan, with the dominant species being cattle, followed by goats, sheep, and pigs. The sheep population is estimated to be around 5 million and the goat population 15 million ([@CIT0038]). Livestock keeping is an important industry across Africa, especially in rural areas where it is an essential source of livelihood. In Tanzania, about three out of five rural household incomes come from livestock activities, with livestock rearing earning an average of 22% of total household income ([@CIT0039]). A study in the Tandahimba and Ulanga districts in southern Tanzania assessed the socioeconomic impact of PPR. The average value of small ruminants dropped by 10%, and the overall ability to use small ruminants as livelihood decreased by about 30% following the incursion of PPR ([@CIT0040]). PPR impacts included a decrease of flock size and value, an inability of the flock to support household livelihood and a loss of potential income; the estimated total loss (including mortality and lost revenue) was TZS 735,820 (USD 490.6) per year. Cumulative loss due to PPR was around TZS 101.8 billion (USD 67.9 million) per year ([@CIT0040]). With such high stakes and numbers of sheep and goats at risk, emergency vaccinations were carried out in 2009 in the northern districts around the foci of the 2008 PPR outbreak. In 2010, the vaccinations were done in the Morogoro and Mtwara regions. In total, these emergency vaccinations covered about 5.2 million goats and sheep in the affected and surrounding districts ([@CIT0041]). In southern Tanzania, vaccinations were conducted in goat and sheep flocks in March 2011, with coverage of 57.0%; in March 2012, the vaccination coverage was increased to 71.0% ([@CIT0042]). Despite these efforts, the disease continued to spread in the country due to uncontrolled livestock movements; inadequate surveillance, diagnostics, and reporting; low awareness among small stock farmers, traders, and transporters; and an incapacity to enforce regulations ([@CIT0015]).

To control PPR in Tanzania and other Southern African Development Community (SADC), a 'PPR Progressive Control and Eradication Strategy' was set up to 1) prevent further introduction and spread of PPR in other areas of the country, 2) progressively control PPR in the infected zones, and 3) eradicate PPR from the infected countries by 2025 ([@CIT0015]). At a global level, FAO and OIE experts together with other stakeholders formulated a 'Global Strategy for the Control and Eradication of PPR'; this was launched in early 2015 ([@CIT0013]). The global control strategy emphasizes harmonized and coordinated approaches with participation of countries sharing common ecosystems/borders and includes control of other small ruminant diseases and strengthening of veterinary services. The importance of engaging the affected groups (i.e. the animal owners) in the goal to eradicate PPR has also been emphasized ([@CIT0043]). Most of the southern African countries are free from PPR, with the current southern border of confirmed presence of PPR being -- from west to east -- Angola, DRC, and Tanzania ([@CIT0018]). During 2013--2015, FAO implemented a Technical Cooperation Project to prevent introduction of PPR into Malawi, Mozambique, and Zambia ([@CIT0044]).

The regional strategies to control PPR, which are aligned with the FAO/OIE global control and eradication strategies and coordinated through the African Union Inter-African Bureau for Animal Resources (AU-IBAR), emphasize a harmonized and coordinated approach with participation of all member states ([@CIT0015]). Surveillance has been recommended in high-risk countries. In the event of incursion, vaccination programs are recommended using the Nigeria 75/1 live vaccine produced by the Botswana Vaccine Institute, among others. Along the borders of Tanzania and the DRC, where PPRV is already present, vaccination is recommended in a 50-km-wide buffer zone ([@CIT0015]). To control the disease in already infected countries, vaccination is the best choice. Stamping out is only a good option in smaller and well-defined infected populations, due to the high costs associated with compensation. The vaccination campaigns should take place every year to give a high enough herd immunity in populations like those of sheep and goats, which have a high turnover rate ([@CIT0015]).

Conclusions {#S0005}
===========

PPRV has probably been present in Tanzania since 2004, and the clinical episodes of 2008 were suspected to have been introduced into the northern part of the country from neighboring countries through uncontrolled animal movement. The disease spread to the southern parts in 2010/2011, and PPR is now considered endemic in the domestic sheep and goat populations in Tanzania. Legal and illegal movement of animals for trade is instrumental in the spread of PPR into and within Tanzania. The implications of PPRV are severe as small ruminant livestock production is an important income for a large group of the country\'s population. The FAO/OIE Global Strategy for the Control and Eradication of PPR has been formulated, and national and regional control strategies have to be aligned with it. This goal is supported by the AU-IBAR, which together with the SADC is working on strategies to control PPRV within Tanzania and other African countries. To implement these strategies and reach, support, and engage the sheep and goat holders, sufficient resources are needed for veterinary services to cover the whole country, including remote areas. The need to engage sheep and goat holders in the eradication of PPRV cannot be emphasized enough.
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